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(54) Liquid crystal display 

(57) The present invention is related to a liquid crys- 
tal display in which the antistatic measures in the man- 
ufacturing process is taken, and a method for manufac- 
turing the same, and intended for providing a liquid crys- 
tal display in which the occurrence of static failure before 
the formation of the short ring is prevented, and a meth- 
od for manufacturing the same. On a glass substrate 
(2), gate lines (46) are formed. The gate lines (46) are 
disconnected, and in the disconnected portion, dis- 



charge projections (52) and (54) are formed on both 
sides of a discharge gap (50). The discharge projections 
(52) and (54) are positioned substantially at the centre 
of the edges of the disconnected portion of the gate lines 
(46). On the gate lines (46) and in the discharge gap 50, 
a gate insulation film 56 is formed. Two through holes 
58 are made in the gate insulation film (56) in the vicinity 
of the discharge projections (52) and (54) of each gale 
line (46). A metal wiring layer (48) is formed on the gate 
insulation film (56) so as to fill in the through holes (58). 
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Description 

Field of the Invention 

The present invention is related to a liquid crystal 
display and a method for manufacturing tho same, and 
particularly to a liquid crystal display in which counter- 
measures against static electricity are taken in the man- 
ufacturing process thereof, and a method for manufac- 
turing the same. 

Background art 

In the active matrix liquid crystal display using TFTs 
(Thin Film Transistors) or the like as switching elements, 
a liquid crystal is sealed between oppositely disposed 
glass substrates, and a voltage is applied to the liquid 
crystal to drive it. On one of the two oppositely disposed 
glass substrates, a plurality of pixels is formed in a ma- 
trix. In each pixel, a transparent display electrode of ITO 
(Indium Tin Oxide) or the like is formed, and a switching 
element such as TFT is connected to each display elec- 
trode. 

The gate electrode and the drain electrode of the 
TFT of each pixel are respectively connected, for in- 
stance, to a gate line formed in the row direction and to 
a data line formed in the column direction, which are 
formed in the area between pixels. If the gate line is se- 
lected when gray-scale data is outputted on the data 
line, the gate of the TFT is turned on to enable the gray- 
scale data to be written from the drain region connected 
to the data line to the display electrode connected to the 
source region. 

Referring to Figures 8 and 9. the wiring structure of 
a liquid crystal display is described in more detail. Figure 
8 shows part of the plane of a liquid crystal display 1 
manufactured by the conventional module making proc- 
ess. Inside the periphery of an array substrate 2, a col- 
our filler substrate 4 is formed, and further inside the 
periphery of the colour filter substrate 4, a sealing agent 
6 is formed. The area surrounded by the sealing agent 
6 is an image display area, where many data line 
10/gate lines 46 are intersecting at right angles to form 
many pixels in a matrix. 

The OLB electrodes formed in the area surrounding 
the array substrate 2 are compression bonded by ACF 
(Anisotropic Conductive Film) to the leads on one side 
of a plurality of TCPs 1 2 on which a driver I C 30 is mount- 
ed. One TCP 1 2 corresponds, for instance, to every 200 
of wirings 10 formed on the array substrate 2, but the 
wirings 10 are simplified in the figure To the other side 
of the TCPs 12, a printed wiring board 32 is soldered. 

The plane shape of the data lines or gate lines is 
shown in Figure 9. The OLB electrodes 40 compression 
bonded by ACF to the leads on one side of the TCPs 12 
have a width of, for instance, 50 to 1 50 urn and a length 
of, for instance, 3 mm, and connected to the signal or 
gate linos 10 in one end thereof. Tho width of tho data 



lines/gate lines 1 0 is 1 0 to 50 urn, and the length thereof 
is 20 cm for instance. The widths and lengths of the OLB 
electrode portions 40 and the data lines/gate lines 10 
depend on the size and wiring density of the display. 
s Figure 8 is in a simplified form for clarity, but, for a 
colour display in a VGA display mode, tho data lines/ 
gale lines shown in Figure 9 are arranged in a number 
of 640 x 3 = 1920 in the row direction and 480 in tho 
column direction to form a matrix. 
io A large number of data lines and gate lines are ar- 
ranged in a matrix to form a liquid crystal display panel, 
as described above, and in addition, elements such as 
TFTs are formed. Thus, there is a problem of defects 
caused by static electricity in the manufacturing process 
'5 of the liquid crystal display panel. 

The static failure constituting a problem in the man- 
ufacturing process of the liquid crystal display panel and 
the conventional prevention measures therefor are 
briefly described below. The gate wirings and data wir- 

20 ings of a TFT array are electrically insulated by an insu- 
lation layer. For instance, a glass substrate as the array 
substrate is fixed by vacuum suction onto the plate of 
the apparatus tor manufacturing the liquid crystal dis- 
play, but the so-called peeling charge or the like occurs 

2£ when the glass substrate is removed from the plate by 
deactivating the vacuum suction at the end of the proc- 
ess. Accordingly, static buildup is easily caused in the 
manufacturing process of the display panel of TFT/LCD 
by various reasons. The static buildup in gate lines or 

30 data lines causes a voltage considerably larger than the 
actual driving voltage to be applied to TFTs or wiring in- 
tersections; producing breakdown of the insulation film 
or the like. As a result, the function as switching ele- 
ments is disabled or a fatal defect such as a line defect 

ss is caused. 

The anti-static failure measures for preventing such 
static failure include, for instance, the formation of a pro- 
tection circuit (short ring) as disclosed in the Published 
Unexamined Patent Application No. 63-220289. This is 

40 implemented by providing a reference potential wiring, 
and providing independent electrical connection be- 
tween each signal wiring by the use of a two-terminal 
operation switching element. 

Referring to Figure 10, the antistatic failure meas- 
es ures using the short ring in the manufacturing process 
of a liquid crystal display are described. First, the man- 
ufacturing process of a liquid crystal display is described 
in order of major process steps. The manufacturing 
process of a liquid crystal display comprises three steps, 

so that is, an array step in which gate lines and data lines 
are formed on a glass substrate, and switching elements 
such as TFTs and display electrodes are formed; a cell 
step in which the formed array substrate and a colour 
filter substrate are laminated together, and a liquid crys- 

ss tal is injected and sealed by a sealing agent; and a mod- 
ule making step in which the attaching of TAB and the 
soldering of a printed wiring board are finally carried out. 
The short ring is formed simultaneously with the for- 
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mat Ion of the data lines in the stage in which the source/ 
drain electrodes of TFTs and the signal wiring are 
formed, only after the gate lines (gate lines), TFTs, and 
display electrodes are formed on the gtass substrate in 
the array step. At this stage, all the gate lines and all the s 
data lines are short-circuited using the material for form- 
ing the data lines, or connection is made between the 
reference potential wiring and the gate linos/data linos 
through the switching elements as described above, 
thereby to prevent static failure. io 

Thus, it can be said that the short ring is an effective 
countermeasure against static failure in the cell step be- 
fore subsequent cutoff of the short ring, but the short 
ring cannot be formed before the data lines are formed 
in the array step, and accordingly, there is no effective is 
countermeasure for preventing static failure almost 
throughout the array step at present. 

However, as the recent liquid crystal display has a 
larger size and high definition, the length of the main line 
of gate lines and the number of gale lines increase, and 
the thickness of the Interlayer Insulation film becomes 
thinner. Asa result, static buildup occurs in the gate lines 
formed on the glass substrate before the short ring has 
not been formed yet, breaking the interlayer insulation 
film in a pixel. 25 

Accordingly, it is needed to take measures against 
static electricity in all the stages of the manufacturing 
process of a liquid crystal display. 

It is an object of the present invention to provide a 
liquid crystal display in which the occurrence of static 30 
failure before the formation of the short ring is prevent- 
ed, and a method for manufacturing the same. 

It is a further object of the present Invention to pro- 
vide a liquid crystal display in which the occurrence of 
static failure is prevented in substantially all the stages 35 
of the manufacturing process thereof, and a method for 
manufacturing the same. 

Disclosure of the invention 



metal wirings; forming through holes in the Insulation 
layer on the first metal wirings on both sides of the partial 
area, respectively; and forming a second metal wiring 
electrically connected to the first metal wirings on the 
insulation layer so as to fill in the through holes. 

Thus, in accordance with the present invention, low- 
er-layer wirings to be formed at the initial stage in the 
manufacturing process of a liquid crystal display, for in- 
stance, gate wires, are disconnected in a predetermined 
area when they are formed, thereby to cause the static 
electricity building up in the gate linos to be discharged 
in this area. Accordingly, the pixel failure due to static 
electricity In the step prior to the formation of the short 
ring can be prevented. 

Moreover, in the step of forming the short ring, the 
disconnected gate lines can be restored to the original 
gate lines by connecting them to the other metal wiring 
layer, and the antistatic measures can be transferred to 
the short ring. 

In addition, the partial area of the first metal wirings 
is preferably formed at such a position that the areas of 
respective ones of a set of first metal wirings are sub- 
stantially equal, and if the partial area is not formed with- 
in the pixel area of a liquid crystal display it can be 
formed outside the pixel area. 

Brief Description of the Drawings 

The invention will now be described, by way of ex- 
ample only, with reference to the accompanying draw- 
ings, in which: 

Figure 1 showing the wiring structure of the liquid 
crystal display according to the embodiment of the 
present invention; 

Figure 2 is a plan view of the wiring structure of the 
liquid crystal display according to the embodiment 
of the present invention; 



The Invention provides an active matrix liquid crys- 
tal display in which switching elements are formed in the 
pixel area on a substrate, comprising: a sot of first metal 
wirings formed on the substrate and being disconnected 
in a partial area thereof; an insulation layer formed on 
the first metal wirings so as to fill in the partial area, and 
having through holes formed on the first metal wirings 
on both sides of the partial area; and a second metal 
wiring formed on the insulation layer as to fill in the 
through holes, and electrically connected to the first so 
metal wirings. 

Further, the invention also provides a method for 
manufacturing an active matrix liquid crystal display in 
which switching elements are formed in the pixel area, 
comprising: forming a set of first metal wirings being dis- ss 
connected in a partial area thereof on a substrate on 
which the switching elements are to be formed: forming 
an insulation layer filling in the partial area on the first 



Figure 3 is a cross-sectional view of the wiring struc- 
ture of the liquid crystal display according to the em- 
bodiment ol the present invention; 

Figure 4 showing the method for manufacturing a 
liquid crystal display according to the embodiment 
of the present invention; 

Figure 5 showing the method for manufacturing a 
liquid crystal display according to the embodiment 
of the present invent ton; 

Figure 6 showing the method for manufacturing a 
liquid crystal display according to the embodiment 
of the present invention; 

Figure 7 showing the method for manufacturing a 
liquid crystal display according to the embodiment 
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of the present invention; 

Figure 8 showing the wiring structure of a prior art 
liquid crystal display; 

Figure 9 showing tho wiring structure of a prior art 
liquid crystal display; and 

Figure 10 is a figure for explaining the antistatic fail- 
ure measures using a short ring in a prior art man- 
ufacturing process of a liquid crystal display. 

Detailed Description of the Invention 

The preferred embodiment of the present invention 
is described using Figures 1 to 7. 

The wiring structure of the gate lines of the liquid 
crystal display according to the preferred embodiment 
of the present invention is described using Figures 1 to 
3. In this embodiment, the description is made on the 
assumption that the liquid crystal display is a coiour liq- 
uid crystal display of a VGA display mode, which has a 
display area having a size of about 10 inches. 

Figure 1 is a partially enlarged plan view of the pe- 
ripheral portion of the panel of the liquid crystal display 
according to the present invention. 

Data lines 1 0 and gate lines 46 formed on the array 
substrate 2 of ihe liquid crystal display are extending 
from the display area to OLB electrode portions 40 
through a sealing agent 6 sealing a liquid crystal. A ma- 
trix-shaped area surrounded by the gale lines 46 and 
the data lines 10 is a pixel area, and display electrodes 
24 are formed on the array substrate in the pixel area. 
In each display electrode 24, at the intersection of the 
gate line 46 and the data line 10, a TFT 26 for instance 
is formed as a switching element. Onlo the array sub- 
strate 2, a colour filter substrate (not shown) is laminated 
through the sealing agent 6. Onlo the OLB electrode 
portions 40 on the array substrate, a TCP (not shown) 
is bonded, for instance, by ACF. 

An enlarged plan view of the area surrounded by a 
circle 44 in Figure 1 as seen from the array substrate 
side is shown in Figure 2. and the cross-sectional view 
thereof is shown in Figure 3. Using Figures 2 and 3, the 
characteristic features of the liquid crystal display ac- 
cording to the present invention are described. 

On a glass substrate 2, the gate lines 46 made of a 
metal film of. for instance, Mo, Ta. Cr, Al or the like, and 
having a thickness of about 0.3 urn are formed. For a 
display area of 10 inches, the width of Ihe gate lines 46 
is about 20 u.m, and the pitch is about 330 urn. The 
length of the gate lines 46 is about 20 cm. 

The gate lines 46 are disconnected, and on the edg- 
es of the disconnected lines, discharge projections 52 
and 54 are formed on both sides of a discharge gap 50 
so as to provide a spacing of, for Instance, about 6 ptm, 
between them. The discharge gap 50 is formed at a po- 
sition between the OL8 electrode portion 40 and tho pix- 



el area, for instance, at a position which is about 0.5 mm 
apart from the pixel area toward the OLB electrode por- 
tion. The discharge projections 52 and 54 are positioned 
substantially at the centre of the edges of the discon- 
5 nected portion of the gate line 46. Both the height of the 
discharge projections 52 and 54 from the gate line edg- 
es and the width thereol are about 6 urn. 

On the gate linos 46 and between the discharge gap 
50. a gate insulation film 56 of, lor instance, a silicon 
io oxide film is lormed to a thickness of the order of 0.4 ^m 
for instance. Two through holes 58 are made in the gate 
insulation film 56 in the vicinity of the discharge projec- 
tions 52 and 54 of the respective gate lines 46. 

Filling in the through holes 58, a metal wiring layer 
is 48 of, for instance. Al having a thickness of about 0.3 
Mm is formed on the gate insulation film 56. 

As described above, the liquid crystal display ac- 
cording to the embodiment of the present invention has 
a construction in which the gate lines are disconnected 
20 in part thereof, and Ihe disconnected gate lines are elec- 
trically connected by the upper metal wiring layer via the 
through holes formed in the insulation film on the gate 
lines. 

Now, the method for forming the gate lines of the 
26 liquid crystal display according to the embodiment of the 
present invention is described using Figure 4 to 7. 

A metal film 42 of such as Mo, Ta, Cr, or Al is de- 
posited, for instance, by sputtering on the whole surface 
of a glass substrate 2 to a thickness of about 0.3 ^im for 
so instance (Figure 4). Then the metal film 42 is patterned 
to form the gate elecirodes (not shown) and gate lines 
46 of a TFT (Figure 5). For a 10-inch display area, the 
width of tho gate lines 46 is about 20 urn and the pitch 
is about 330 \im. The length of the gate lines 46 is about 
55 20 cm. 

At this point, each gate line 46 is patterned so as 1o 
be disconnected in part thereof, and a discharge gap 50 
and discharge projections 52 and 54 are formed as 
shown in the plan view o1 Figure 3. The spacing of the 

to discharge gap 50 is in the order of 6 urn. The discharge 
projections 52 and 54 are positioned substantially at the 
centre of the edges of the disconnected portion of the 
gate lines 46. The height of the discharge projections 
52 and 54 from the edges and the width thereof are both 

<s about 6 jam. Although the shape of the discharge pro- 
jections 52 and 54 is rectangular in this embodiment, it 
is not limited to this, but it may be triangular or circular. 

It is desirable that the spacing of the discharge gap 
50 becomes smaller, but, in view of the positioning pre- 

so cision of the exposure apparatus in the manufacturing 
process, sufficient discharge is obtained even if it is In 
the order of 4 to 10 um Preferably, the discharge pro- 
jections 52 and 54 are positioned at the centre of the 
gate line edges if possible. This is to prevent discharge 

55 to the different adjacent gate line from occurring if the 
discharge projections are biasedly provided, because 
the wiring spacing (pitch) of the gate wirings becomes 
narrower as the display density of the liquid crystal dis- 
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play becomes higher. 

To determine the position of the discharge gap 50, 
various points should be considered In view of the like- 
lihood of discharge, but, In a pragmatic approach, h Is 
only necessary to determine the position of the dis- s 
charge gap so that tho aroas of the disconnected gate 
lines 46 are substantially equal However, since the pos- 
sibility of such position giving oqual areas being in the 
pixel area is high, it is desirable to provide a discharge 
gap 50 in the area between the pixel area and the OLB io 
electrode 40 (for instance, tho lead area). In this embod- 
iment, the discharge gap 50 is formed between the OLB 
electrode portion 40 and the pixel area, at a position 
spaced aparl by about 0.5 mm from the pixel area. 

Thus, in accordance with the present invention, the is 
wirings tor the gate wirings can be formed In the array 
step and simultaneously a discharge gap as a counter- 
measure against static failure can be formed, so that 
static failure in the process prior to the formation of the 
short ring can be prevented. 20 

Then a gate insulation film 56 Is deposited, for in- 
stance, by a CVD process, on the whole surface to a 
thickness of about 0.4 u.m for instance. At this point, the 
discharge gap 50 is filled in with the material for forming 
the gate insulation film 56 (for instance, a silicon oxide 2S 
film) (Figure 6). 

Thereafter, although not shown, after steps for 
forming a TFT, such as of depositions g a silicon nitride 
film and amorphous silicon, the gate insulation film 56 
is patterned to make two through holes 58 in the gate so 
insulation film 56 in the vicinity of the discharge projec- 
tions 52 and 54 of each gate line 46. Then, over the 
whole surface : a metal wiring layer, about 0.3 urn thick, 
for forming data lines is formed. The through holes 58 
are filled in with the deposited metal wiring layer. As the ss 
wiring material, a metal material equivalent to the gate 
wiring material including Al can be used. 

Then, the metal wiring layer for forming data lines 
is patterned to form data lines. At this point, a patterning 
is simultaneously performed to form a gate line connect- *o 
ing layer 48, which electrically connects the disconnect- 
ed gate lines 46 through the through holes 58 on both 
sides ot the discharge gap 50 for the gate lines 46 (Fig- 
ure 7). The OLB electrodes 40 to be connected to the 
gate line edges are also formed of the data line wiring *s 
metal at the same time. The formed OLB electrodes 40 
are about 50 u.m wide and about 3 mm long. 

At this stage, the disconnected gate lines are elec- 
trically connected to each other and lose the function as 
means for preventing static failure, but, at the same so 
time, by forming the conventional short ring when the 
data lines are formed, antistatic failure measures can 
be taken from then on. 

As described above, in accordance with the present 
invention, the gate lines are disconnected with a prede- ss 
termined length and width, so that the discharge of the 
charged gate lines occurs in the disconnected part. After 
the insulation film is grown, the static electricity building 
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up in the gate lines is discharged in the disconnected 
part to break the insulation film in the disconnected part, 
but no effect on pixels is caused so that the occurrence 
of pixel failure can be prevented. By connecting the gate 
lines on both sides of the gap with the metal wiring con- 
stituting tho other layer, tho original gate line is restored 
and the effect of the antistatic measures is lost. Howev- 
er, at this point, a circuil for removing static electricity 
(short ring) can be simultaneously formed, and ihe func- 
tion of antistatic measures is transferred to this short 
ring. 

Accordingly, throughout the array and cell steps of 
tho manufacturing procoss of a liquid crystal display, 
preventive measures against static failure can be pro- 
vided. With the method for manufacturing a liquid crystal 
display of the present invention, it is not needed to in- 
crease the manufacturing process steps, but, only the 
modification of the mask used lor patterning is needed 
to provide antistatic failure measures in the conventional 
manufacturing process. 

The present Invention can be variously modified 
without being limited to the above embodiment. 

For example, although, in the above embodiment, 
the gate line connecting layer 48 was formed simulta- 
neously with the formation of the data lines using the 
metal material for forming the data lines, other metal ma- 
terial can of course be used if an increase in the manu- 
facturing process steps Is not a matter of concern. 

Further, since the present invention is characterized 
in that the lower metal layer (namely, the metal layer 
formed at the early stage of the manufacturing process) 
is provided as antistatic failure means to prevent static 
failure from the early stage of the process, it is to be 
understood that the present invention can apply not only 
to a liquid crystal display of the so-called bottom gate 
type (or Inverse-stagger type) TFT structure as de- 
scribed in the above embodiment, in which gate lines 
are formed prior to the formation of data lines, that Is, 
the gate lines are positioned below the data lines, but 
also to a liquid crystal display of the so-called top gate 
type (or stagger type) TFT structure. 



Claims 

1. An active matrix liquid crystal display in which 
switching elements (26) are formed in the pixel area 
on a substrate (2), said liquid crystal display com- 
prising: 

a set of first metal wirings (46) formed on said 
substrate having a partial area electrically dis- 
connected thereof; 

an insulation layer (56) formed on said first met- 
al wirings so as to fill in said partial area, and 
having through holes (58) formed on said first 
metal wirings on both sides of said partial area; 
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and 

a second metal wiring (48) formed on said in- 
sulation layer so as to fill in said through holes 
said second metal wiring electrically connected s 
to said first metal wirings. 

2. A method for manufacturing an active matrix liquid 
crystal display in which switching elements (26) are 
formed in a pixel area, said method comprising; io 

forming a set of first metal wirings (46) having 
a partial area electrically disconnected thereof 
on a substrate (2) on which said switching ele- 
ments are to be formed; f5 

forming an insulation (56) layer filling in said 
partial area on said first metal wirings; 

lorming through holes (58) in said insulation 20 
layer on said first metal wirings at both sides of 
said partial area, respectively; and 

forming a second metal wiring (48) electrically 
connected to said first metal wirings on said in- & 
sulation layer by filling in sard through holes. 

3. A method for manufacturing a liquid crystal display 
as claimed in Claim 2 wherein said partial area of 
said first metal wirings (46) is formed at such a po- 30 
sition that the areas of said respective first metal 
wirings of said set are substantially equal. 

4. A method for manufacturing a liquid crystal display 

as claimed in Claim 2 wherein said partial area of 35 
said first metal wirings (46) is formed outside said 
pixel area. 



as claimed in any of Claims 2 to 5 wherein said first 
metal wiring layer (46) is connected to the signal 
input side electrode of said switching elements (26). 

9. A method for manufacturing a liquid crystal display 
as claimed in Claim 8 wherein' said second metal 
wiring layer (48) is formed using the material for 
forming the gate electrode of said switching (26) el- 
ements and simultaneously with the formation of 
said gate electrode. 



5. A method for manufacturing a liquid crystal display 

as claimed in any of Claims 2 to 4 wherein the edges *o 
of said set of first metal wirings (46) which are op- 
posed to each other in said partial area are shaped 
into a projection (52. 54) so as to facilitate the dis- 
charge due the buildup of static electricity. 

4S 

6. A method for manufacturing a liquid crystal display 
as claimed in any of Claims 2 to 5 wherein said first 
metal wiring layer (46) is connected to the gate elec- 
trode of said switching elements (26). 

so 

7. A method for manufacturing a liquid crystal display 
as claimed in Claim 6 wherein said second metal 
wiring layer (48) is formed using the material for 
forming the signal input side electrode of said 
switching elements (26) and simultaneously with ss 
the formation of said signal input side electrode. 

8. A method for manufacturing a liquid crystal display 
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